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My Summer project

ñémake any 

problem a machine 

learning problem..ò
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https://www.microsoft.com/en-us/research/publication/fourth-paradigm-data-intensive-scientific-discovery/

4th Paradigm

Data-Intensive Scientific 

Discovery

1600 1950 2000

History of Science, 
summarized by Jim Cray
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*Nature, Insights, 2004

*Estimated Energetically 

Possible Organic Molecules 

>10 60

Chemical Compound Space
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Chemical Compound Space

*

Nature,

Insights,

2004 

*Nature, Insights, 2004

*Estimated Energetically 

Possible Organic Molecules 

>10 60

Recent estimations say could exceed 10180   

Total number of 

water molecules in 

Earth: 1040
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*

Nature,

Insights,

2004 

Total number of 

water molecules in 

Earth: 1040

https://cepdb.molecularspace.org/

How much do we know of  

the chemical space?

Compiled  from experiments 
since the early 1800s: 108

Computationally: 

eg. Harvard Clean Energy 

project

107 Molecules

107 CPU hrs

109 Calculations

*Estimated Energetically 

Possible Organic Molecules 

>10 60

*Nature, Insights, 2004

https://cepdb.molecularspace.org/

Chemical Compound Space
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155M in Aug 2019

Are they any useful?

10M of new substances 
per year in average

Substances in CAS registry (ACS)
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9
MATERIALS SCIENCE MODELING

*Web of science queries
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June 2019 : trillion bases a day

Evolution of DNA sequencing
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Renewable sources of energy

Biomass

Geothermal

Tide/Ocean

Wind

Energy needed 2007: 15 TW

2017: 18 TW

2050: ~30 TW

2100: ~50 TW

5-7 TW

1.9 TW

0.7 TW

14 TW

Solar

105 TW at earth surface

10,000 TW tech. value

The Third Industrial Revolution by Jeremy Rifkin, 2011
IRENA report 2018

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Mar/IRENA_RE_Capacity_Statistics_2018.pdf
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1977 2019

$76.67 $0.10

Cost per watt-hour of Solar energy

pvinsights.com

file://///vmware-host/Shared Folders/docs/ALCF/Highlights DOE/ColeAEM/pvinsights.com
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Share of total US energy consumption by end-use 

sectors 2018 

Comercial
18%

Residencial
20%

Industrial
33%

Transportation 
29%
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Carbon footprint per sector 2018 

Residential, 
commercial, 
and industry

26%

Transportation
34%

Electric power
40%
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Food courts

SF bus sheltersArtificial Satellites

Electric golf carts
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Solar windows

Harris Theatre ïChicago

[north Millenium park]


